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The article examines the mathematical formalization problem of the state institutional
potential in conditions of military crisis and the tasks of post-war reconstruction of
Ukraine. The relevance of the work is due to the growing role of sustainable
development institutions, the need to align strategic goals with current management
decisions, and the lack of a unified approach to interpreting the concepts of
“sustainable development” and “economic institute of sustainable development”. It is
shown that existing approaches to assessing institutional potential mainly focus on its
individual components, use qualitative or semi-quantitative methods and contain
several methodological limitations related to the subjectivity of expert assessments,
the heterogeneity of indicators and the insufficient justification of the weighting
factors’ choice. The research aims to develop a mathematical formalization of
institutional potential with an emphasis on economic institutions of sustainable
development. To this end, the structure of institutional potential was analyzed,
existing models of its measurement were critically evaluated, and an improved
approach to describing the mechanism of governance institution functioning was
proposed. The paper argues that the economic environment should be considered as
a highly complex system within which macroeconomic, social, political, and behavioral
factors interact, and in wartime, these relationships become even more unstable.
Based on a systems approach, a mathematical scheme for assessing competitiveness
in a multidimensional space of factors and determining the optimum zone of the
objective function is proposed. A step-by-step transition from the current state to the
optimal one is formalized through iterative management of impact parameters and
minimization of resource costs within the institutional mechanism. It is emphasized
that the practical implementation of the model requires constant adjustment due to
the variability of priorities, the instability of influencing factors, and the dynamics of
military risks. It is concluded that the effective use of Ukraine’s institutional potential
is possible only under the conditions of further development of theoretical
foundations, improvement of the regulatory framework and constant updating of
mathematical models of institutional management.
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BifiHOBJIEHHS YKpaiHU. AKTYa/lbHiCTb pOGOTH 3yMOBJIEHA 3POCTAHHAM POJIi iIHCTUTYTIiB
CTaJIOr0 PO3BUTKY, HEOOXIZHICTIO y3ro/pKeHHsS CTpaTeriyHUX Iied i3 MOTOYHUMH
YIOpPaBJiHCBKUMU pillleHHAMH Ta 6PaKOM €MHOrO MiAXOJY [0 TPaKTyBaHHS MOHSATH
«CTaJIMA PO3BHUTOK» I «EKOHOMIYHHMH IHCTUTYT CTaJOr0 po3BUTKy». [lokaszaHo, 110
HasiBHI MNiAX0AW [0 OLiHIOBaHHA IHCTUTYLiHHOro TNOTeHIjjajJly IepeBaXKHO
30CepeKYIOTbC Ha OKpeMUX MWOro CK/IaJloBUX, BUKOPUCTOBYIOTb SIKiCHI abo
HaNiBKiJIbKiCHI METOAU Ta MiCTATb HU3KY METO/A0JOrYHUX 060MeXXeHb, NOB'A3aHUX i3
Cy6’EKTHBHICTIO €KCIIEPTHUX OILIHOK, Pi3HOPIJHICTIO MOKa3HUKIB i HEJOCTAaTHBOIO
00I'PYHTOBAHICTIO BUGOPY BaroBux KoedinieHTiB. MeTOI0 JOCTiKEHHS € pO3POOJIeHHS
MaTeMaTH4YHOI ¢popMaJtizanii iHCTUTYIiHHOTO MOTEeHLiay 3 aKIEHTOM Ha eKOHOMIYHi
iHCTUTYTH cTajoro po3BUTKY. [/1s IbOro NPOaHaIi30BaHO CTPYKTYPY iIHCTUTYL[iHHOTO
NOTeHLia/y, KpPUTHYHO OIL[iHEHO IicHyloui MoJesi Horo BHUMipIOBaHHA Ta
3alpoNOHOBAHO YJAOCKOHAJeHUM miaxif o omucy MexaHi3aMy yHKLiOHYBaHHSA
IHCTUTYTY yInpaBJiHHA. Y po60Ti 06GIPYHTOBAHO, 110 €KOHOMiUHe cepefOBUILE CJIiJ
pO3rJIAAaTH 9K HaACKJIaJHY CUCTEMY, Y MeXax KOl B3aEMOJII0OTh MaKpOEKOHOMI4Hi,
couiasbHi, MOJITHYHI Ta nMoBeZAiHKOBI pakTOpH, a 3a YMOB BifiHU Iii B3aEMO3B’SI3KH
CTalOTh e 6UIbIN HecTabibHUMH. Ha OCHOBI cHMCTeMHOTO MHiZX0Ay 3ampONOHOBAHO
MaTeMaTU4YHY CXeMy OL[iHIOBaHHSI KOHKYPEHTOCIHPOMOXXHOCTI B 6araTOBUMipHOMY
npocTtopi pakTopiB Ta BUSHAUEHHS 30HU ONTUMYMY Lii1boBoI GyHKILii. PopMasizoBaHO
MOKPOKOBUM NepexiJ BiJ, MOTOYHOrO CTaHy /[0 ONTUMaJbHOrO 4epes3 iTepariiiHe
yIpaBJiHHA IapaMeTpaMy BIUJIMBY Ta MiHiMi3allilo pecypCHUX BUTpAT y Mexax
iHcTUTYLiIlHOTO MexaHi3My. [lifKpecyieHo, [0 MpaKTUYHA peaJsli3alis MozeJsii MoTpedye
MOCTiHHOTO KOPUTYBaHHS Yepe3 3MiHHICTb IPiOPUTETIB, HECTIHKICTh GAaKTOPIB BILIUBY
Ta JUHAMiKy BOEHHUX PU3UKIB. 3p06JI€HO BUCHOBOK, 1110 epeKTHBHE BUKOPUCTAHHS
iHCTUTYLiMHOTO NOTeHLialy YKpaiHU MOXKJIMBE JIMIIE 32 YMOB MOJAJbIIOr0 PO3BUTKY
TEOpPEeTUYHUX 3aca/, YAOCKOHaJieHHS1 HOPMaTUBHO-NPaBOBOI 6a3u Ta NOCTiHHOTrO
OHOBJIEHHSI MAaTeMaTUYHUX MOJiesiel IHCTUTYLiHOTO yIIpaBJIiHHS.

KJ/IIOYOBI CJIOBA
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1. Introduction

When solving economic problems, one often has to resort to mathematical methods and models
[13]. One such problem is the issue of the institutional capacity of the state [11; 15]. In connection with
UKkraine’s accession to the Global Initiative for the Implementation of the UN Sustainable Development
Goals, regulatory, financial, economic, and information and communication institutions were specified at
the legislative level [9; 6]. However, there is still no consistency in the interpretation of the concepts of
“sustainable development”, “institution”, “institutional potential”, and “economic institute of sustainable
development” [10]. The war and the crisis caused by it not only worsened macroeconomic indicators and
social conditions, but also exacerbated the structural imbalance of sustainable development institutions
and complicated the functioning of the institutional potential mechanism [5; 2]. There is also a need to
reform established institutions and introduce new ones into the management structure, which, in
particular, confirms the decisions of the country’s leadership to merge and separate ministries and other
institutional structures in recent years [4; 8]. The threats of war and the impacts of the crisis are deepening
the gap between agreed and standardized strategies for sustainable development and operational
management decisions taken to address urgent and critical problems [5; 2; 14]. This increases the
imbalance in achieving goals, interferes with the resolution of the tasks facing sustainable development
institutions, and hinders the use of opportunities that are conditioned by the ability to realize the country’s
institutional potential [7; 3].

2. Literature Review

In the scientific literature, there are various approaches to the mathematical formalization of the
institutional potential of the state. Scientists have pointed out the urgent need for such formalization in
its integral meaning many times, but have focused their efforts mainly on assessing the components of
institutional potential, primarily the economic and investment component [12; 11; 15]. Also, qualitative
rather than quantitative assessment methods were mainly used [7; 13; 3].

In our opinion, the disagreements in scientific works were caused by significant conceptual
uncertainty in the understanding of the institutional potential of the state, which led to the lack of
relevant methodological support for its quantitative assessment. This is confirmed in the article Soldak
[15, p- 31], which states that assessing the level of institutional potential must necessarily be based on
“the development of new approaches to determining the essence, structures and methods of
assessment” of the specified scientific category, since this is because the importance of “the influence of
institutions as incentives and constraints” on economic processes is generally recognized [15, p. 31]. In
particular, in the mentioned study [15], and some other scientific works, an index method is proposed.
Analysis of this method identified the following inconsistencies. Each of the indicated groups of
indicators, and even indicators of the same group, may have different units of measurement - monetary,
in points, as shares or percentages of the total volume, etc. In this case, using an additive approach, which
assumes a single measurement scale, is erroneous. Determining weight by the expert method introduces
the subjectivity of expert judgments into mathematical formalization. The calculation of weighting
coefficients based on their correlation with one of the macroeconomic indicators, in particular gross
domestic product per capita [15, p. 39] is not sufficiently justified, since the choice of the macroeconomic
indicator is also subjective. It is also not sufficiently clear how groups of indicators describing the
“activity of development institutions” are formed [15, c. 46]. It is not specified how their weights are
calculated, as these indicators may not be directly related to gross domestic product per capita or other
macroeconomic indicators.

In the article [7, p. 117] a “scoring” system for assessing institutional potential is proposed. The
use of a single unit of measurement for all groups of indicators in a point evaluation system allows to
resolve certain controversial points of the Soldak approach [15, p. 37], but this does not exclude the
subjectivity of expert assessments in determining the number of points for individual groups. At the
same time, the analysis of the approach proposed in the article by Melnyk [7, p. 117], points to another
problem, also characteristic of the approach by Soldak [15] - a single mathematical approach for
evaluating factors, which, given the number of influencing factors and their multifaceted nature, is
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actually impossible, since the factors can have a different mathematical nature - be stochastic, fuzzy or
even indefinite.

3. Problem Statement

The purpose of this study is to mathematically formalize institutional potential. To achieve this
goal, the following tasks will be performed: the composition and structure of institutional potential are
investigated; the main shortcomings of existing mathematical formalizations are analyzed;
recommendations are developed that allow improving the formalization of institutional potential in the
context of economic institutions of sustainable development.

4. Methods and Materials

The methodology of mathematical formalization is based on a combination of scientific,
quantitative and qualitative analysis. Based on a scientific review of the literature, problematic aspects
were identified in the definitions of the concepts of “sustainable development” and “institutional
capacity”. The use of actual data became the basis for improving the mathematical formalization of the
problem of implementing institutional potential, in terms of the economic institute of state
competitiveness.

5. Results and Discussion

The economic environment is a very complex system that, in turn, is part of the country’s
integrated institutional system. This environment, in addition to multi-vector macroeconomic, social,
and political influences, is determined by factors conditioned by economic agents, society, and
individuals.

In conditions of war, radical changes are needed in the functioning of all institutions of sustainable
development - from reviewing the principles of organizing social and political activity, rethinking
economic policy, to a significant transformation of business activity, the social sphere and their
mechanisms. This, in turn, requires a transformation of the management of economic processes both
during the period of martial law and in view of the prospects for post-war recovery.

To solve the problem of institutional regulation of the economic environment during this period,
itis necessary to ensure:

e strengthening the coordination of public administration components for the rational use of
the mechanism for implementing institutional potential;

e an effective system of inter-industry communication;

e smooth functioning of the mechanisms for providing resources to the economy;

o formation of a complex of mutually agreed institutional structures that allow for proper
regulation of economic processes.

Economic institutions form the basis of the institutional environment for effective interaction of
economic agents and ensure the balancing of the interests of all economic agents to direct their activities
towards the implementation of the strategic national goal - sustainable development.

National economic institutions of sustainable development are entrusted with the task of
institutional regulation, for which various tools and mechanisms are used: taxes, subsidies, state
budgeting, loans, discount rate, etc. But the ontological basis of this is national characteristics,
established traditions, archetypes, which, even after the transformation of institutions, determine their
action and the choice of a model of social development.

At the same time, not only to ensure sustainable development, but also for the functioning of the
economy, itis urgent to increase the country’s competitive potential. In view of the above, it is important
to create institutional conditions and ensure an effective institutional structure for the formation of a
mechanism for the restoration and development of competitive potential.

To determine the strategic priorities of resource provision of competitive potential under the
conditions of optimizing the actions of the institution of governance as a component of institutional
support for sustainable development, the following mathematical formalization is proposed, which was
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preceded by the development of a generalized scheme for using the institution of governance to increase
the country’s competitiveness in the context of the mechanism of functioning of institutional potential.
The specified scheme is presented in Figure 1.

Decline in the
competitiveness of the
national economy
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Figure 1. Using the institution of governance to increase the country’s economic competitiveness
in the context of the mechanism of functioning of institutional potential
Source: Built by the author based on [3; 4; 6; 11; 15].

The mathematical expression of this problem can be presented as follows.

Objective function response surface (¥) competitiveness in the multidimensional space of
indicators of economic, social, and environmental activity in the context of the mechanism of functioning
of institutional potential is formalized as a closed subset.

The optimum zone of the objective function response surface, towards the achievement of which
the management measures of the entire set of state sustainable development institutions should be
aimed, is defined as a matrix of factor values vector located in the sphere of management of individual
institutions:

Piopt

Y20pt
(Axq, Axy, Ax3 ... Axy) = Waopt | (1)

lPmopt

where Axq, Ax,, Ax; .... Ax, are the coordinate intervals on the response surface of the objective
function that define its optimum zone; W1 5,1, Y20pt » P30ptr Pmopt are the value of the factor vectors that
are in the sphere of management of individual institutions; i = 1, 2, 3, .., n is the index of the
corresponding coordinate; j=1, 2, 3, ... m is the individual institute index.

Coordinates of a point on the response surface that corresponds to the current state of
competitiveness:
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|#1]|
¥
* * * *\
<x1; X2, X3 ""xi> - 'IU; ’ (2)
¥
where x7,x3,x3 ....x; are the coordinates of the point that determines the current national

economy competitiveness state; ¥;, ¥5 , W3, Wy, are the current values of factor vectors that are within
the control of individual institutions.

The next stage is the step-by-step finding of the most appropriate path from the point that
determines the current state of the national economy’s competitiveness in the context of the
institutional potential functioning mechanism, to the objective function optimum zone.

This stage is mathematically formalized by the following equation:

pl = Wo(X1, X2, X3 e Xp_q ) + Z§=1 Wy * By (X1,X2,X3 - Xp_1 ), (3)

where ¥, is a previous value of the objective function; ¥ is a next value of the objective function;
w, is a form-factor, which determines additional sets of parameters; [, is a perturbation function;
z=1,2,3,...,pis the index that defines each iteration step.

The perturbation function is formalized by the following equation:

B (1, %2, X3 . Xpoq ) = {ﬁz 7}2"':/_0 ?}*’[;fozaz « "

where AY is the integral change of the objective function; a is the threshold value of the
perturbation function.

Operational management of the institutional potential use should be considered as a vector
minimization 7, whose components are a set of individual resources, or, in a generalized sense,
components of the mechanism for the institutional potential functioning 4,7, ... n3:

M
nz
na

M= - min. (5)

While the management tools for the economic support of the state’s competitiveness in the
context of the institutional potential functioning mechanism should consider the factors influencing the
components of the vector 7.

At the same time, it should be noted that the practical application of this mathematical model is
complicated at this time. This is due not only to the fact that the trends of traditional factors that
influence the objective function of competitiveness under current conditions have breaks characterized
by a change in the sign of their first derivative, but also to the fact that even sets of influencing factors
change due to the dynamics of threats. Moreover, the weight of these influencing factors may undergo
such changes that secondary factors become more significant than those that were fundamental in
macroeconomic analysis.

6. Conclusions
Therefore, to use all the possibilities of Ukraine’s institutional potential, it is necessary to improve

the theoretical aspects of institutional potential, and as a consequence, the regulatory framework and
management of institutions.
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In order to avoid duplication of functions and tasks of institutions, it is proposed to resort to the

mathematical formalization of sustainable development institutions, using the example of economic
institutions of sustainable development, and more specifically, the formalization of the competitiveness
management institute.

However, one should not forget that the process of mathematical formalization and modeling is

cyclical. Also, taking into account the existing military threat and the rapid change in the values of
sustainable development institutions’ indicators work, the relevant mathematical models should be
constantly improved, which will allow for their optimal use for the post-war restoration of Ukraine.
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